Frailty is a state characterised by diminished physiological reserve that leaves one vulnerable to external stressors such as surgery and delays recovery thereof. Frailty assessments are proving to be more valuable in predicting poor perioperative outcomes than other well-known perioperative risk assessment tools. Frailty and comorbidity are interlinked as increased number of comorbidities are associated with higher levels of frailty but are distinct entities as frailty can exist without multiple comorbidity. It is therefore important that screening tools that allow for quick identification of frail individuals become commonplace in the perioperative environment. Identification of these frail individuals should lead to vigilance in preventing perioperative complications and allow for interventions that will reduce morbidity and lead to better outcomes.
Introduction
In 2010, two thirds of the world's population above the age of 60 lived in developing countries. 1 The World Health Organisation (WHO) reports that the number of people above the age of 60 will double by 2050. 2 In the United States over 40% of surgeries are performed on elderly patients. 3 The identification and management of conditions that impact on these patients' surgical and anaesthetic risks may improve outcomes. 4 The term 'frail elderly' was adopted by the Federal Council on Ageing and is defined as "persons, usually but not always, over the age of 75, who because of an accumulation of various continuing problems often require one or several supportive services in order to cope with daily life". 5 Frailty is the depletion of physiological and functional reserve across many organ systems leading to a diminished capacity to withstand environmental stressors such as surgery. 6 It is not synonymous with ageing and is an independent predictor of mortality, morbidity, and increased length of stay perioperatively. 7 An estimated 6.4 million South Africans are living with HIV. 8 Age-related diseases have been noted to affect younger adults infected with HIV. 9, 10 South Africa additionally has a high burden of trauma which has implications related to surgery, critical care services and disability. 11 Worldwide, the prevalence of frailty is quoted between 4-59.1% depending on the population sampled and the tool used. 12 A higher prevalence is reported among hospitalised, surgical populations. 13 Most studies using any of the validated frailty measuring tools have been conducted in developed countries with few published studies in the developing world and fewer still in Africa. 12, 14 
Pathophysiology of factors associated with frailty
The pathophysiology of ageing involves complex multiple mechanisms at a molecular and cellular level. These include cellular senescence, genomic instability, stem cell exhaustion, altered intercellular communication and decline of mitochondrial function and DNA copy number. 14, 15 The result is a reduction in energy production and reserves, increased free radical production and increased rates of apoptosis. 15 Age related changes to the cardiovascular system can lead to orthostatic hypotension which predisposes to falls, a reduction in respiratory reserve can lead to atelectasis and pneumonia. Autonomic dysfunction and impaired autoregulation of cerebral perfusion leads to increased risk of postoperative cognitive disorders, stroke and injury. A decline in renal blood flow and increased occurrence of prostatic hypertrophy Frailty: what the South African surgeon needs to know increases the risk of renal dysfunction and urinary tract infections. Reduced muscle and strength predispose to falls, immobility, venous thromboembolism and pressure injury which may lead to increased hospital length of stay and disability. 16 Functional reserve allows the body to compensate and adapt to environmental stressors thus restoring homeostasis, the loss thereof impedes homeostasis and slows recovery from physiological stressors. Frailty increases with the number of impaired systems rather than the number of impairments in any one particular system. 14 When reserve capacity is diminished the ability to respond and recover from stressors such as surgery, severe illness or injury may be prolonged or not occur at all. 14 The dysregulation of immune and endocrine systems have also been implicated as well as the maldistribution and dysregulation of immune cells leading to higher levels of cytokines in the body. 4, 14 Sarcopenia and cachexia are closely related to frailty. Sarcopenia, a progressive loss of muscle mass in combination with loss of strength and/or physical performance is considered a hallmark of frailty. 5 Cachexia is a catabolic syndrome associated with underlying illness and is distinguished from sarcopenia as sarcopenia is a more moderate loss of muscle mass with little to no adipose tissue loss. 5, 9 Loss of skeletal function and mass are a result of age-related inflammation and hormonal changes which include decreased growth hormone, insulin-like growth factor-1, dehydroepiandrosterone, sex steroids and increased cortisol levels. Low levels of Vitamin D have also been implicated. 4 Frail patients are said to be in a constant state of chronic inflammation.
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Elevated immune biomarkers such as interleukin-6 (IL-6), TNF-alpha and C-reactive protein have been noted in frail patients. 4 Indicators of chronic inflammation such as low albumin have been used as measures of frailty. 17 Pro-inflammatory cytokines promote protein catabolism and alter metabolic processes which have an effect on skeletal muscle, appetite, immunity, cognition and contribute to the development of anaemia. 3 Immune system activation contributes to disordered coagulation leading to elevated serum markers of coagulation such as D-dimer, factor VIII and fibrinogen. Elevated neutrophil and monocyte cell counts have been demonstrated in frail elderly. 4 Frailty has also been associated with impaired response to pneumococcal and influenza vaccines.
14 None of these biomarkers are unique to frailty as many are also found in other conditions, making pathophysiological mechanisms leading to frailty harder to elucidate. 
Frailty and Comorbidity
Frailty and comorbidity although related are distinct entities. Frailty can be present without comorbidity but there is overlap that becomes more evident with multiple comorbidities. 14 Frail women were more likely to have had a prior diagnosis of coronary heart disease, stroke, diabetes mellitus, hypertension, arthritis, cancer and COPD in one study. 18 With regards to HIV, the presence of the frailty phenotype was noted to be a predictor of AIDS or death in HIV infected men despite initiation of HAART. 19 Frailty has also been linked to chronic kidney disease as well as visual and hearing impairment. 20 Polypharmacy, which is common in the geriatric population is a possible contributor to frailty secondary to side effects experienced such as postural hypotension and myopathy but may also be a marker of multimorbidity. 20, 21 Frailty has shown strong associations with clinical and subclinical cardiovascular disease such as ischemia, left ventricular hypertrophy and reduced global left ventricular function. 17 A large degree of atherosclerotic plaques also correlated with frailty. One purported mechanism is that atherosclerosis represents a state of inflammation which may lead to frailty as a result of the catabolic state and loss of muscle mass and appetite that ensues. 17 Frailty was identified as a risk factor for mortality and prolonged institutionalisation after cardiac surgery. 22 Congestive heart failure was most strongly associated with frailty with a sevenfold increase in the prevalence of this condition among the severely frail.
Preoperative frailty was shown to have a positive correlation with postoperative delirium. 23 Depression has also been linked to frailty. 18 The two conditions share common symptoms such as weight loss, low physical activity and exhaustion. Depression has been associated with the stimulation of proinflammatory psycho-neuroimmunological mechanisms and progressive muscle and functional loss from a reduction in physical activity.
Being underweight and overweight are both risk factors for frailty, as evidenced by a U-shaped relationship between body mass index and frailty, showing that extremes of body fat can be associated with lower muscle mass and strength. 18 Not only is obesity a state of heightened inflammation, the obese may be micronutrient deficient and both conditions are associated with sarcopenia. "Sarcopenic obesity" is used to describe the state of being overweight but contrastingly having low muscle mass.
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Social Factors Associated with Frailty
Frailty has been reported to be higher in women. Notably elderly men have been found to be more likely to die than women at similar levels of frailty. 24 This may be attributable to gender differences in genetic and acquired risks, immune and hormonal differences as well as gender differences in health reporting behaviour. 18, 24 A low family income, low level of education and being of African American descent was strongly associated with frailty. 18 Education and race were, however, weak associations after adjustment and may have been indicators of social status and not race and education per se. Most studies on frailty have been conducted on Caucasian patients in developed Western countries and in these countries the prevalence has been found to be higher in Hispanic and African Americans. 12, 17 More studies are needed to further validate whether the prevalence is truly higher in other racial groups or whether this is a function of low socioeconomic status. 4 Contrastingly strong associations between frailty and economic level and weak associations between frailty, education and occupation have been found. 24 A high socioeconomic status may afford an individual the resources to care for and improve their health delaying the progression to frailty. Lifestyle factors that are associated with low socioeconomic status such as smoking, and comorbidities such as HIV may account for the increased risk of frailty in low socioeconomic populations.
Cigarette smoke contains various chemicals which cause chronic inflammation leading to muscle wasting and the acceleration of ageing. In the WHI-OS smokers were 2.9 times as likely to become frail. 18 Moderate alcohol intake was protective with moderate alcohol drinkers having up to a 31% lower risk than non-drinkers. Regular exercise has been found to be protective against frailty across all age groups. Individuals that were more physically active were found to have a lower risk of death.
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Frailty and Disability
Frailty is a potential cause and consequence of disability, but not all disabled persons are frail. 20 Disability is difficulty or inability to complete one or more activities of daily living (ADL). 20 It can be a consequence of frailty or chronic disease secondary to changes in musculoskeletal function. ADL Disability at baseline has been shown to be more common in the frail (5.9%) than non-frail (0.7%). 18 The main distinguishing point between frailty and disability is that frailty is dynamic and can be reversible whereas disability tends to be permanent. 9 It is therefore important to identify frail patients and implement preventative strategies before they become disabled.
Risk estimation in surgical patients
The preoperative assessment provides a means of recognising those at risk in order to identify factors that can be optimised. 19 It also presents an opportunity to discuss issues of harm and benefit as well an opportunity to map out the likely postoperative outcome.
Older surgical patients tend to have a high comorbidity burden and are at an increased risk of poor surgical outcomes, anaesthesia-related complications and death. 4 The implications of these comorbidities on the perioperative course is not always apparent. Age alone as a criterion for selecting persons at risk of interventions has been shown to be less than ideal across a wide spectrum compared to frailty assessments. 30 The American Society of Anaesthesiologists Physical Status (ASA-PS) classification system has been found to predict outcomes in surgical patients but mainly younger patients and with higher predictive value in those that score 3 or more. Frailty assessments have been shown to be a better indicator of overall health and physiological status as well as better predictors of postoperative complications, mortality and morbidity in the aged than other preoperative assessments such as the ASA-PS and the Revised Cardiac Risk Index (RCRI). [26] [27] [28] Debate remains as to which frailty assessment tool is best to use in clinical practice to predict outcomes among surgical patients.
Correct assessment will identify the most vulnerable and may help facilitate discussions about realistic treatment goals, improve clinical risk prediction and inform health resource utilization practice.
Assessing frailty
Multiple models have been used to measure frailty. The two most popularised models are the frailty phenotype 29 and frailty index or deficit accumulation model derived from data taken respectively from the Cardiovascular Health Study and the Canadian Study of Health and Aging. 30 The frailty phenotype is defined as a syndrome based on phenotypic features which are unintentional weight loss, exhaustion, weakness (low grip strength), slow walking speed and low physical activity. Three or more out of the five features would make the diagnosis of frailty likely 29 This definition has been criticised as being non-specific and placing too much emphasis on the physical nature of frailty. 6 It also requires special equipment such as a dynamometer for grip strength measurement which may not always be readily available.
The deficit accumulation model views frailty as a state of vulnerability resulting from the accumulation of an individual's health deficits. The number of health deficits or impairments in an individual are added and divided by a predetermined number of possible health deficits to create a frailty index.
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It places more emphasis on psychosocial aspects, physical disability, comorbidity and cognitive impairment. 32 The frailty index ranges between 0 and 1 with a deficit value above 0.25 generally accepted as frailty and higher values representing higher degrees of frailty. 33 Concerns with this model include complexity precluding daily clinician use.
The addition of laboratory markers of chronic disease to increase the predictive value of preoperative frailty assessments has been suggested. 34 Robinson's model is one such model that combines biomarkers such as anaemia and low albumin as well as factors such as comorbidity, cognition and a history of falls in the assessment. 35 Screening tools have also been developed and validated to allow physicians to rapidly identify frailty. Some of these include the Clinical Frailty Scale, the Cardiovascular Health Study Frailty Screening Measure and the Gérontopȏle Frailty Screening Tool. 20 The Clinical Frailty Scale (CFS) was developed with the aim to address the need for a clinician friendly screening tool. 32 It is a 9-point scale with pictographs from 1 (very fit) to 9 (terminally ill). A score of 5 or more is used to classify frailty. Judgement is made about the degree and severity of frailty based on the history and clinical examination. It has been validated to predict outcomes in hospitalised patients though not extensively studied in clinical settings. 32 It was found to have good interrater reliability 36 and predictive of mortality and functional decline when used by junior medical staff with no prior training on how to use the scale. 37 The FRAIL scale has 5 components: fatigue, resistance, ambulation (slow walking speed), illness, loss of weight with 3 or more components needed to classify frailty. 38 Performance based tests such as gait speed, timed up and go test (TUGT) 39 and grip strength are more objective tests of functional ability and have been proven to predict adverse health outcomes. 39 TUGT measures the time taken from sitting to rising from a chair, walking a specified distance on a flat surface and returning and sitting on the chair. 3 These tests require special equipment such as a dynamometer for grip strength whereas gait speed and TUGT are not feasible for patients who are not ambulant.
Comprehensive geriatric assessment (CGA) is the established gold standard to evaluate older people which assesses medical, psychosocial, nutritional and functional ability. 39 This may be difficult to provide in a resource limited setting as it requires time and the expertise of a multidisciplinary team such as a geriatrician, occupational therapist, physiotherapist and dietician. 
MARCH 2019
There is call for a standard measurement for consistent recognition of frailty worldwide, however the ideal frailty assessment tool is nnot yet determined. 34 The ideal perioperative frailty assessment should not only be predictive of complications and mortality but also be easy to calculate by non-geriatricians. 34 
Management
Frailty is generally a progressive disease but can improve with appropriate interventions. 38, 41 Preventative measures appear to be the most effective. Exercise has been shown to increase functional performance, walking speed and balance. 42 Prehabilitation, the concept of improving functional capacity before undergoing stress or surgery has been shown to improve perioperative functional exercise capacity. 43 It is usually done with exercise training but there is a strong move to include nutrition and cognitive interventions. 43 Interventions targeted at reducing polypharmacy may reduce the contribution of medications such as anticholinergics to impaired cognition and falls. Novel pharmaceutical approaches aim at addressing muscle mass loss and function. 44 Enhanced recovery after surgery is a multimodal perioperative approach that aims to hasten recovery and improve outcomes in patients undergoing major surgery through components that begin preoperatively through to the postoperative period. 45 Preoperative interventions could include patient and caretaker education, prehabilitation and optimisation of comorbidities. Management of preoperative anaemia with iron supplementation is recommended to improve surgical outcome. 46 Intraoperative interventions could include appropriate selection of short acting anaesthetic agents with minimal cardiovascular effect, multimodal analgesia, fluid and temperature management as well as a minimally invasive surgical approach. Postoperative interventions focus on pain management, early removal of drains, prevention of nausea and vomiting as well as early nutrition and mobilisation. It is a cost-effective approach to reducing postoperative complications and minimising hospital stay after major surgery. 45 Frailty assessments used preoperatively should identify those most vulnerable that could benefit from such interventions.
